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(57) Abstract 



A method of preparing an article of ntanufectuxe 
of a superconductive waveguide (100) and transmission 
line (10^. The method includes preparing a mUtwe 
of superconductive material constituents, disposing the 
constituents on a silver containing substrate hi the de- 
sired shape of the waveguide (100), heating die mixture 
of constituents on the silver containing substrate, heat- 
ing the mixture in a first atmosphere having a partial 
pressure of CO2 to control decomposition of et least one 
of the superconductor material consdtuents and chang- 
ing the first atmosphere to a second atmosphere con- 
sisting essentially of an oxidizing gas capat^e of allow- 
ing decomposidon of at least one of die supeicohductor 
material constituents. The reactive texture process can 
be used to dispose superconducting material on selected 
components of waveguides (100) and transmission lines 
(104). 
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Method for Producing Highly Textured Yttrium Barium Cuprate 
for Use in Wavegoides and Transmission Lines 



Background of tfie Invention 

This invention was developed in part under U.S. Air Force Contract F19628*91-C^)082, 
and the U.S. government has certain rights in this invention pursuant to this contract 

The present invention relates generally to high temperature superconductor material 
structures useful in waveguides and transmission lines. More particularly, the invention relates 
to waveguides and transmission lines including reactive textured, higih temperature 
superconductor ceramic ("HTSC") materials and methods of use of such waveguides and 
transmission lines. 

High temperature superconducting ceramics (HTSC) are uitiinsically weak and brittle 
materials. In addition, conventional ceramic processing of these materials produces 
polycrystalline bodies which have low critical current densities in DC measurements) and 
high surface resistivities (Rg, in RF measurements). Commercial applications of these materials 
require components that exhibit high jc and/or low Rs values, as well as the capability of 
producing mechanically strong and easy to manufacture components. Due to flie materials' low 
mechanical strength, commercially useful stmctures such as waveguides and transmission lines 
cannot be produced without the use of a substrate to impart strength and toughness to the 
superconductor. This is especially true for lower frequency RF devices that require the 
superconductor to be formed into relatively large, complex shapes. HTSC thin films, for 
example, (less than about 1 micron thickness) have been shown to have high current densities 
and low Rs values. However, these films are not useful for low frequency RF applications 
because they require expensive single crystal substrates (typically, LaA104 or SrTi04) and can 
only be formed into planar stmctures with dimensions under a few inches. 

Bulk HTSC materials with highly textured microstructures can exhibit the level of 
electrical performance required for commercial waveguide applications. For YBa2Cu307-x, 
such textured microstructures are produced using a method called peritectic re crystallization 
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or, more commonly, "mclt-tcxtuimg-. In this process, "textured" YBa2Cu307.x is produced 
by aystallizing this compomid out of its peritectic mixture of Y2BaCu05 plus a Ba/Cu-rich 
liquid. Many variations of this technique have been described, and it is commonly practiced in 
laboratories throughout the world. However, the process remains essentially the same as that 
orighially developed in 1988. 

The melt-textming process typically involves heating a sample above the peritectic 
temperatme (1015'C in air) to decompose the YBa2Cu307-x into YzBaCuOs plus liquid. 
This mbrture is cooled slowly through the peritectic temperature allowing YBazCusOy-x to 
crystallize. When this cooling is performed in the presence of a themial gradient, the 
YBa2Cu307-x grains preferentially grow parallel to the gradient and a "textured" 
microstmcture results. The slow cooling keeps the nucleation rate of YBa2Cu307.x low. 
resulting in the formation of a small number of nuclei. As a result, the YBa2Cu307.x grains 
can grow to very large sizes before impingement; and if the cooling is performed in a thermal 
gradient, the grains will be highly aligned, hi the originaUy developed process, samples were 
detemuned to have critical cmrents of up to 17.000 A/cm2 in self-field with only a smaU 
magnetic field dependence. Improvements to this process (which have included the production 
of continuous lengths of melt-textured filaments) have resulted in measured cmrent dem;ities as 
high as 140.000 A/cm2 in self field and 44.000 A/cm2 in a 1 Tesla field at 77 K. 

While the melt-texturing process has proven to be very effective in the fabrication of 
bulk YBa2Cu307.x having properties approaching those of thin fihn materials it has 
substantial drawbacks. First, melt-texturing is essentially a crystal growth process in which the 
«te of material production is controlled by the velocity of the crystallization front In the case 
of yBa2Cu307.x crystallizing but of its peritectic mixture, the crystallization rate is extremely 
sluggu*. Even in extremely large thermal gradients (I07 K^/m) growth rates of only 1 2 cm/hr 
have been achieved. A second problem, of particular importance to texturing thick fihn 

structures, is the fact drat the melt-texnrring process requires processing at temperatures a^^^^ 
lOOOoC m the presence of the extremely reactive peritectic liquid. This severely limits the 
choice of substrate materials that can be used without reacting with the superconductor to form 
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undesirable layers between the substrate and supcrconducton To date, only zirconia and 
magnesia have been used with any degree of success, and these ceramics are expensive and 
difGcult to process. 

It is therefore an object of the invention to provide an improved mediod of producing a 
waveguide using high temperature superconductor (HTSC) material. 

It is a further object of the invention to provide a novel method of producing an HTSC 
material-containing waveguide at relatively low temperatures with very high rate of production. 

It is another object of the invention to provide an improved method of producing 
waveguides including HTSC stractures on relatively inexpensive substrates. 

It is yet a further object of the invention to provide a novel HTSC power transmission , 
line and an improved method of use of same. 

It is still another object of the invention to provide an improved waveguide with high 
Q values arising from an HTSC thick film coated portion. 

Further objects and ad\^tages of the present invention, together with the organization 
and manner of operation thercoi^ will become apparent from the following detailed description 
of tiic invention when taken in conjunction with the accompanying drawings, wherein like 
elements have like numerals throughout the drawings. 

Brief Description of the Drawings 
FIG, 1 illustrates a 40X magnification microstructure of rcactively textured 

YBa2Cu307.x on silver buffered stainless steel; 

FIG, 2 shows a reactively textured YBa2Cu307.x on a silver substrate at 

40X magnification; ; 

FIG. 3 illustrates a conventional peritectic re crystallized thick fihn microstructure on a 
zirconia substrate; ' 

FIG, 4A illustrates an exemplary rocking angle X-ray diffraction curve showing the 
highly textured nature of an HTSC material prepared by one of the methods of the invention; 
and FIG. 4B shows X-ray diffraction patterns for three crystalline YBa2Cu307.x samples; 
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HG. 5 illustrates a pseudoWnary phase diagram of YaBaCuOa and SBaO-SCuO- 

^^-^^owssuxiaceRFresistivityextrapolatedtolGHzforYBa^CusO^.,^ 
of the mvention. a prior art sintered YBaaCusOy.x and Cn; 

HG. 7 iUustrates a side view of a waveguide constructed in accordance with one forx„ of 
&e mvention; 

^ no. 8 sh,™ . ftna ^ ^„ lines 8-8 „av^d= illuamed in 

tt.7BCOcyIinda-...cl,™fl.. YBCOcatoc»du«or.FIG. 9B iBus^atts .„ bonded 
■«<»«o,Qve™<»ton«iiusof.coa^d,«».w,«itt,.eopp.,.^™a^ ' 

..5mch 6i«chtastaaWco«i=i^«.,«itt0.25inchdi«n„erHISC«nto 
~«ta^rf.bnc.,.dbyd.p.,i«ng.^ctfvdy™vBCO«clcfflMo«oas.,i.l«ss^ 

raCO s.,«n«M»iuaor diick film on a center conduclor; Bid 

FIG. P<™«di«iMonven«sinpu,powcrfor.co,,perce„,„,o^ 
con.pa«d«,. VBCOc«„erc«.du«orpower«ansn,i«i<»Hn.«77-K«d , OHzfcquency. 

^•~='«<'fP«'a"*W^v«vc«uideiaace<mi,ncc»ifl,<mefonnofft.inventio« 
-oh^s c-ystalU^ion ..f yB«Cn307.x o« rf. 

-«-oc^ a non-cpiln-rinn, nnxn« of V-. B.,nd Cu<on.p.nnds (.ni^d in *c app^opri.. 
««d„on.«.y) in*, . con.bin.dbn of «„.p.™„„ ^ . g„ ^ 

TOa2Cu307-xisfte4ennodyn.nacalfys«,..pW(h=,einaftergenen^ 

^^ ^<>^^^^^.r^^ ^^3. and B«.3 powdc„.„ 

S50C.O89O-C. ■n.e.toosph.«isthenchanged«2,„„„,p^„^ 
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C02-rich atmosphere during heating suppresses the decomposition of BaCOs and consequently 
prevents YBa2Cu307.x from fonning prematurely. When the atmosphere is rapidly changed 
to a reduced pressure o?^gen environment, the reaction mixture begins to decompose to a 
partially molten state out of which YBa2Cu307.x crystallizes. 

In a second general method of preparation, aprcreacted, phase-pure YBa2Cu307-x 
powder is heated to approximately 850**C to 890X, also in a C02-rich atmosphere. Without 
limiting the scope of the invention, it is believed the presence of the CO2 causes Ae 
YBa2Cu307.x to decompose faito a complex mixture of oxides and oxycaibonates. As for flie 
first general me&od, the atmosphere is changed at temperature to a reduced pressure oxygen 
containing atmosphere, which causes this mixture to decompose into the partially molten state » 
from which YBa2Cu307-x can ciystallize. 

hi accordance with one form of the invention, this reactive texturing process is 
preferably carried out on either a silver foil or a base metal, such as a stainless steel, which has 
been electroplated with either silver or silver with a nickel intermediate layer. In this 
embodiment the silver or silver/nickel buffer layers are necessary since YBa2Cu307^x ^nd its 
precursors are relatively active compounds which react strongly wifli most base metals. 
However, silver is relatively inert with respect to YBa2Cu307.x. This silver or silver/nickel 
buffer layer is preferably at least 0.002" thick to protect the superKX)nductor. Base metals which 
have proven satisfactory include, for example, stainless steels, such as 302 stainless steel, 
304 stainless stceU 3 16 stainless steel and also Inconel 600. The process has been practiced on 
a variety of shapes, including discs, tubes, wires and coils. Copper can also be used in the low 
temperature range of the reactive texturing process. However, the successful use of copper as a 
substrate requires use of an appropriate intermediate metal which will prevent interdifiusion of 
copper, silver and oxygen. 

The substrate can be coated with the precursor slurry of appropriate stoichiometry using 
either painting, dipping, spraying, or any other technique currently used to apply thick fihn 
coatings or patterns. It has been determined that the preferred thickness of this applied coating 
is about 0.002" to 0.008-, The preferred thermal processing has three steps: 
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«duJ". »-*-«»"t«o.dngi,prtfer.b,yc«,i«,ou.u.. 

petfood «.»..f.B^300»C*,. in .m.oBenam„sph«coo,dni.gb«,^a.I«s. 
'-»P«™«»prrf«btyb«^fl,e^^^^^^^^__^ ^^^^ 
™.2Co307.x piwuBor 1. a .ppoprfae mixtm* of oxite .nd oxycxbowtts 

zrc:"'"- ^"---p-uzr 

process temperature increases such that at O ^ i «^ .1. 

b. rtoa 973.C P, f V, ^ ^ " ""^ ""y*" "«= ««np«««r. of wament wold 

chocs. ,0 perfonn *. p^s by slowly i.c„„u.g d,. .=.p™^ ^ ' 
v™^w du^g ,h= co^allizadoa proofs a, opposed » using . «n,p,e iso4cnna, ,u.,d Either 
procedure is acceptable. -""oio. titncr 

In .he rt»ve described prefened process an i„,em,edi.,e p™iac^ or arfcle of 
. Obtained, d,= convendona, n.e,. .ex^ p^,, ^ 

^a2C«307.x. In dus convendonal n,ed.od ttc an,o™, of liquid present is quite large 
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throughout the processing temperature range (about lOlS^C then cooled slowly through the 
peritectic temperature of 1013»C). On the other hand in the instant invention, raAer than 
having ari intermediate product of solid material and a substantial percentage of peritectic 
liquid, the intermediate product is primarily a solid and a smaU fraction of a eutectic Uquid (not 
a peritectic liquid). Since the reactants are metastable, the Uquid that forais is the lowest 
melting Kquid in the Y-Ba-Cu-O system, that is. the ternary eutectic. Substantial advantages 
result from bemg able to prepare textured YBa2Cu307-x without excess Uquid present One 
such advantage is the ability to cast weU defined soUd patterns without need of liquid barriers 
in place, A desired pattern can be disposed on a substrate, such as by applying a thick film 
sbmy in a desired pattern; and then the YBa2Cu307-x can be fonned by the mediod of the 
invention without substantial liquid flowage causing loss of the shape of the desired pattern. 
Thus, the intermediate product of the invention fonned at about 850-900»C does not have the 
undesirable large Kquid component present in the conventional intermediate product formed in 
&e peritectic region. 

A process has been described herem which produces textured YBa2Cu307>x 
microstructures, as in the peritectic re ciystallization method. However, unlike peritectic re 
crystallization, the instant method produces these microstructures at low temperatures (less than 
about 90(yC) and in relatively short times (less than about 1 hr compared to 10-15 hours for 
conventional melt texturing). This combmation of low temperatures and short times enables 
the use of relatively mexpensive and easy to form base metal substrates that substantially 
reduce the potential cost of the component This cost reduction makes this process much more 
attractive for the commercial appKcation of HTSC components. TWs process is especially 
attractive for the fabrication of three dimensional RF resonant structures which are the 
fimdamental components of numerous RF devices such as filters, oscillators, combiners and 
radar units. As can be seen in HG. 6, the resulting YBa2Cu307.x exhibits a substantially 
improved RF resistivity over bofli conventional copper and over a prior art YBa2Cu307.x 
prepared by sintering and disposed on a silver substrate. 
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to.noU.„.^«ofttei„vc«io«nG. 7fflufl,«=,.sid.de».donvicwof. 

r'^*rr'™°^"~""**°'°™^ ^^^^ ^^^^ 

dct^ls of w«eguifc conarucaon and „U«, cmbodimo-u Te sc, fbrfl, ia . cp«,dn» 

Wlic,do.OM4<,.060,wUohi,i«™p™,.aby,rfe«ncch«. Thcca,cul.«d„«^p 
versus «rria« ut>^ „f . ^^^^ ^ ^ ^ 

«»npaies the Q vaa«s of . copper ou«r cyHader «fth . VBCO Ugh tempmte, 
s»j«.oad.=»rcyHnder.c.ohh.vinsahigh,en„^^^^ 

sobd)ccoterr«ona«>rring.Tl«evd«=,wer=obto«lhymmgco.^<^«dltao™ * 

copper or Other conventional materials. 

In anoto fc™ of ft. i.v«tio^ on. can caloJac Q val^s ,,si.g cooventf onal 

femKfcM«>.s^co«n.d,.Co„.. Milwank.. ^ Such . connncrcia. fini. .tancn. 

ofRPfll«s. ^Wcofcod.i.acc.p..d.s.ccu«.,y^^„„^ 

^ vanoua u^. p,™„.^ ^^.^^^ ^ ^ ^ o^^^^J 

«.g»). ^««ni«sofcod.a.Uo.ccu«.,yCcn>«.coupm,gb«w.«,.wo„„o., 
«i,.c««w.v.g„id=rcsona»rs. He AnSoftcon„„«r software cod. solves ft. tao™ 
elearomagnedcfield equations of ft. ftr..^.nsional wavcguid. structoe. including 

l»rfonn^gala„«,asyn,p«,tic^vdb™.vaIuation«p™.„c.ft.ft.,n.^,„^^ 
^vegurde. Such convendonal con,^ „^ , ^„ ^ 

modeler section allows fte user «. i.p„ ft. g.».^ ^ 
JS.C^in«,.ce,(a)afini«el»en.so.verde.c™inesfte«ni,e..n^L,r 

"ser selected frequences, as well as fte ins«tion and re«™ losses versus fieq„.ncy. 
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As illustrated m FIG. 9A, the geometry factor on toroid measurements for a copper 
cylinder geometry factor measurement show the typical flat plateau wherein losses arc 
dominated by the presence of metal waveguide walls. FIG. 9B shows the results of a 
conventional analytic solution for the imloaded behavior of Q for a coaxial resonator versus 
outer radius of a copper cylinder with YBCO center conductor. FIG. 9C shows direct 
measurements of copper with a YBCO reactivcly textured unloaded Q versus dissipated power 
for a coaxial resonator tibick film layer on a stainless steel base. Changing from copper to 
aluminum or any other metal will only move the plateau in FIGS, 9A or 9B slightly up or 
down. The utilization of the YBCO walls for the coaxial resonator results in substantial 
improvement of performance over conventional metal waveguide walls. 

In another form of &e invention shown in FIG, 10, a superconductor thick film 
transmission line can be constructed to cany high RF power, such as 50-lOOOW. The 
transmission line 104 finther includes an outer housmg 105 and a superconductor &ick 
fihn 106 is disposed on a substrate 108. The thick film 106 preferably is a reactive texture 
process thick film, although other embodiments can comprise thick films prepared by other 
methods, such as peritectic reciystallization. The reactively textured fihn 106 preferably is * 
deposited on the substrate 108, such as stainless or silver. A peritectic reaystallized fitei can 
be deposited on a substrate 108 of zirconia. With these types of high temperature 
superconductor thick films deposited on stainless steel or zirconia substrates, the losses in a 
transmission line can be determined using conventional methodologies. Using known 
versus surface field data for such resonant structures, one can generate functional behavior of 
dissipated power versus input power for a coaxial transmission line (see FIG. 1 1). This 
transmission line has a 0, 125 inch diameter 123 YBCO coated stainless steel center conductor 
in a 1.68 inch diameter copper cjuter housing, producing a 50 n impedance. The space between 
the inner and outer conductors was filled wifli MgO with an epsilon of 9.72 and loss tangent of 
3 X 10 -6. The 123 YBCO geometry shows a substantial advantage over copper in the power 
range of at least about lOOOW and less. When using ceramic superconductors, the power range 
is generally limited by the limitations on dissipating heat from a ceramic material. 
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Sam^o«ta„„„„e„g4,,f^.,„^.^^^ 104.d„™i,nO. IO.c«b. 
I«.d»ccdby.v»i«yoftecI„,,„«.3„d.asconto„„,fti,g^4.U^^j,^ 

tte f.™ of ae ffl»cn« of ,23VBCO . h.,™ 4=nnopI«tic cx,n.^<,„ 

^'^^^f^onit.i^t.^smtcr^^^s^^ collected 
^^.(U..oc«™,oda..W«,.„e«,. •n^«.«hodo.ogyca.b..d.pted»«,oco«d., 

.n^o^^^^^^^ _ Of s.Hpli«or,»icros«p design. 
*cYBCOd„*ffl.c™bedeposi..d using vadousconSououspH.d.gteoW.^.on.'^ 

w»hM23YBCO«uckfitasIar^,dricdandd»,f«,i,,o.be..fen«ce.A«er firing, to 
ccntereonduc^rcanbe swaged u.ingtocopper„u«rl.on«ng ,05 .ndanappro^ 
^c. s^ . ^ Teflon (registered n».e„^ of DuPon, Co.pa MgO ««. pressurized 

n» following « nonli^iting exan-ples Of o.edKKis of prep^ing HKC maertUs. 

Examp les 

Example 1 

A"»^0fY2(^.Cu0..ndBaCO3w.snnx«iinn™wi4„.0,yHcbta^ . 
^^«o^e.«dispe™^.^„,.,^„,^,„,„,^^__^^^^__ • 

»mMecs,™fo™„,sHonscan,lsoU»sed„nnde.s»o.i„^.., Tbis psin. w« ton 
^..«iU,.sUverfoi,„sing.p,in.bn... The resul«n, dried coding was 0.008" «,clc THs 

C^to 350 c u, msnre .d«,naK renK^l of to organic componenB of to pdn, n,. 
m a teanred. ciysallized YBa2Cu307.x microstructure. 
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A commercial YBa2Cu307-x powder was mixed witfi an aciylic binder, a sorbitan 
trioleate dispersant, and an n-butanol/>cyIcne solvent to make a precursor 'painf . This paint was 
applied to a 304 stainless steel disc, a 3 16 stainless steel disc, and an Inconel 600 disc (all 
1.125" diameter and previously electroplated with 0.002" of silver) with a paint brush. The 
resultant dried coating was, in all cases, about 0.004 to 0.005" thick. All three samples were 
then placed in a controlled atmosphere furnace, and heated in 2 torr of o^^gen at eO'C/hr to 
350*C to insure proper removal of the organic components of the paint "iTie atmosphere of the 
furnace was then changed to 1. 1% CO2 in nitrogen, and die sample was heated to SSO^C at a . 
rate of SOO^C/hr. The atmosphere of die furnace was again changed to 2 toir of oxygen, and 
the furnace temperature was slowly increased at a rate of aS'C/hr to 900"»C. This treatment 
resulted in a textured, crystallized YBa2Cu307-x microstnicture for all samples. 

A variefy of starting materials different from those used in Examples 1 and 2 also proved 
satisfactory. These starting materials included: (1) phase pure YBa2Cu307-x with 22% 
Y2BaCu05. (2) YBaSrCu307.x with 22% Y2BaCu05, (3) a CuO rich commercially available 
YBa2Cu307.x and stoichiometric YBa2Cu307.x. All of these starting materials were used 
successfblly in implementing the methods described in Examples 1 and 2. 

Example 4 

Any one of the above example procedures was followed and the pattern of the original 
starting material remained substantially the same after preparing yBa2Cu307.x. This was 
compared to conventionaUy prepared YBa2Cu307.x (peritcctic processing) which showed 
substantial liquid flowage and loss of the spatial pattern of the original starting material. 
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What Is Claimed Is ! 

1. A method of producing a waveguide, comprising the steps of: 
preparing a mixture of superconductor material constituents; 
disposing said constituents on a portion of a waveguide structure; 
heating said mixture in a first atmosphere having a partial pressure of CO2 

controlling decomposition of at least one of said superconductor material constituents; and 

changing said first atmosphere to a second atmosphere consisting essentially of an 
oxidizing gas capable of allowing decomposition of at least one of said superconductor material 
constituents. 

2. The method as defined in Claim 1 wherein said portion of the waveguide 
structure comprises at least one of a center conductor rod and a 

waveguide housing. 

3. The method as defined in Claim 1 wherein said first atmosphere consists 
essentially of a carbon dioxide-containing gas. 

4. The method as defined in Claim 3 wherein said CO2 containing gas comprises at 
least about 0.8-2.8% by volume CO2. 

5. The method as defined in Claim 1 wherein said second atmosphere comprises a 
reduced pressure oxygen gas. 

6. The method as defined in Claim 5 wherein said oxygen environment comprises at 
least about 1-3 torr pressure of oxygen. 

7. The method as defined in Claim 1, wherein said superconductor starting 
constituents comprise at least one of (a) a mixttu-e of Y2O3, CuO and BzCOj (b) phase pure 
YBa2Cu307.x with 22% Y2BaCu05. (c) YBaSrCu307.x with 22% Y2BaCu05, (d) CuO rich 
YBa2Cu307.x and (e) YBa2Cu307.x powders. 

8. The method as defined in Claim 5 wherein said superconductor starting 
constituents of group (a) are mixed in a molar ratio of about 0.5:3.0:2.0. 

9. The method as defined in Claim 1 wherein said first and second atmosphere 
include an inert gas. 
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10. Asupcrconductormaterialandcoinpositestnicture.comprism^ 
disposed on a sflver substiate wiAout material interdiffusion therebetween. 

11. ■n^^^^^onductormaterialasdefincdmCIaimlDwhcreinsaidsaversubstrate 
IS selected from the group consisting of silver and silver coated base metal. 

12. A superconductor waveguide, comprising: 

A plurality of substantially cylindrical stiuctures coupled together along a 
longitudinal axis, each of said, cylindrical structures substantially having end walls including 

jcrtureslocateddongsdd longitudinal axis; andaMghtemperaturesupe^^^^^ 
disposed upon interior portions of said substantially cylindrical stmctuies. 

13. The superconductor waveguide as defined on Claim 12. wherein said high 
temperature superconducting material composes YBa2Cu307.x. 

14. The superconductor waveguide as defined in Claim 13. wherein, said hi^ 
temperature superconducting material is prepared from a mixture of superconductor material 

constituents by heating sdd mixture inafirstatmospherehavdngapartial^^^^^ 
contix,lling decomposition of at least one of saidsuperconductor material constituent 

changing said first atmosphere to a second atmosphere consisting essentially of an 

oxid^ggascapableofanowingdecomposidonofatleastoneofsaidsuperconductormat^^ 



constituents. 

15. ThesuperconductorwaveguideasdefinedinCIaiml2,furtherincludingtw^ 
clectncal poles coupled to said substantiaUy cylindrical structures. 

16. The superconductor waveguide as defined in Claim 12 wherein said waveguide 
comprises a coaxial transmission line. 

17. The supercondurtdr waveguide as defined in Claim 16 where said waveguide 
mchides a coaxial center conductor coated with said high temperature superconducting 
material. ^ 

18. The superconductor waveguide as defmed in Claim 17 wherein said 
superconducting material consists essentially of a reactively textured thick fihn. 
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19. TTie superconductor waveguide as defined in Claim 18 wherein said 
superconducting noiaterial is disposed on a substrate selected firom the group consisting of 
stainless steel, silver and silver-coated base metals. 

20. The superconductor waveguide as defined in Claim 17 wherein resonator Q of 
said waveguide varies in a linear logarithmic manner with surface resistance. 
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